The contrast gloss and the average roughness were measured for four commercial composite filling materials. Using a factorial design, each material was subjected to four available finishing methods. A significant difference was found in the contrast gloss among finishing methods, and a significant linear regression is given which relates the inverse of the contrast gloss to the average roughness. Surface gloss is proposed as playing a major role in the esthetic appearance of composite restorations.
Introduction.
The roughness produced by different finishing methods has been reported by several investigators (Johnson et al., 1971 ; Dennison and Craig, 1972; Glantz and Larson, 1972; Tolley et al., 1978) . Although smoother surfaces are achieved when the composite is cured in contact with a Mylar strip, additional contouring and finishing with burs, stones, and finishing disks are usually necessary. A previous study (Dennison et al., 1981) has also found lower roughness values achieved with submicron-sized silica particles. The purpose of this investigation was to study the relation between the surface roughness and gloss of composite materials with different filler systems.
Materials and methods.
The four composite materials studied were those which used a filler of conventional coarse filler particles* a mixture of conventional particles and colloidal silicaf, small particles in the pm ranget, and a mixture of colloidal silica and ground polymer §. The materials were handled according to manufacturers' instructions and were packed into a cavity 2cm x 1 cm x 2mm in an aluminum mold. During setting, the composite surfaces were covered with a Mylar strip, and a glass slide was then clamped into place. The following finishing methods were used for each material according to a factorial design: 12-fluted bur$ , 600-grit alumina disk', silicon carbide fine disk#, and a rubberabrasive composite finishing wheel**. Duplicate samples were made for each cell of the factorial design. moving at a speed of 0.25 mm/sec. Arithmetic average surface roughness values were obtained from the tracings. Differences among roughness values were statistically examined using analysis of variance, with pairwise comparisons by the method of Student-Newman-Keuls (Sokal and Rohlf, 1969) .
Surface gloss is the optical property that produces a lustrous appearance (Hunter, 1975) . There are several recognized gloss properties, including specular gloss, sheen, luster, and distinctness-of-image gloss. In this study, contrast gloss or luster was measured. Contrast gloss is the proportion of specular reflection to diffuse reflection. These reflections are schematically presented in Fig. 1 for both high and low gloss. A goniophotometertt was used to measure contrast gloss, using incident tungsten light at an angle of 60o from the normal to the surface. The ratio of specular reflection at an angle of 600 to that reflected normal to the surface was measured for the finished composite samples, as diagrammed in Fig. 2 . Statistical evaluation of the gloss values was obtained by analysis of variance as above. Regression analysis was used to determine a relationship between gloss and roughness. The regression was attempted with contrast gloss and with the inverse of contrast gloss as the dependent variable. Representative finished surfaces were studied with scanning electron microscopy.
Results.
The means and the analyses of variance for the average roughness values for the composite materials and the finishing methods are given in Table 1 . Pairwise comparisons demonstrated that the composite with the conventional coarse filler particles finished with the 12-fluted bur gave a significantly greater roughness than did any other composite-finishing method combination. The composites with the filler mixture of conventional coarse particles and the colloidal silica and with the filler of small particles in the pm range finished with the 12-fluted bur then resulted in roughness values which were higher than any remaining composite-finishing method combination.
The means and the analyses of variance for the contrast gloss values are given in Table 2 . The average gloss value for all of the composite materials studied is significantly greater using the rubber-abrasive composite wheel than for any t tDifferential I, Science Spectrum, Santa Barbara, CA a. other finishing method studied. When values are compared within subgroups, the average gloss values for the composites with fillers of small particles in the jim range and of the mix of colloidal silica and ground polymer when polished with the rubber-abrasive composite wheel are significantly greater than that for any composite material studied, finished using the alumina or silicon carbide disks, or for the composites with fillers of conventional particles, of a mixture of coarse particles and colloidal silica, or of a mixture of colloidal silica and ground polymer when finished with the 12-fluted bur. The linear regression which produced the greater agree- ment was that with the inverse of gloss as the dependent variable. The linear relation was found to be: 1 = 0.27 R + 0.099 G where G represents contrast gloss, and R represents the arithmetic average roughness in ,um. The regression coefficient was found to be significantly greater than zero at P<0.001. Fig. 3 is a scanning electron micrograph of the composite with small filler particles in the jum range finished with the rubber-abrasive composite wheel. Fig. 4 is a micrograph of the composite with the conventional filler finished with the 12-fluted bur. Fig. 5 gives the polar reflectance diagrams for these two surfaces.
Discussion.
Analysis of these data indicates that high gloss surface finishes were obtained with the microfilled and the,msized particle filler composites. It had been presumed that only microfilled composites could be finished to provide highly smooth surfaces (Raptis et al., 1979) .
The correlation between the roughness and the inverse of the contrast gloss is also an interesting finding. Gloss is an important appearance property of composite restorations that has not previously been studied. Differences in gloss between a restoration and surrounding tooth enamel are significant for two reasons. First, the eye will detect I% NW THE SUR FA CE RO UGHNESS AND GLOSS OF COMPOSITES differences in gloss between a composite and the surrounding enamel, even if their colors are matched. Also, high gloss reduces the effect of a color difference, since the color of reflected light is predominant rather than the color of the underlying composite material. Therefore, color matching booths correctly employ only diffuse illumination to eliminate specular reflection. Thus, high gloss is an important asset of a composite material for matching tooth structure, particularly since only a few shades are available for a given brand of composite for matching a wide variety of tooth shades. The higher gloss of the composite materials when finished with the rubber-abrasive composite wheel would appear to be an advantage over the other finishing methods studied in matching surrounding tooth structure after insertion, assuming the same shade was used. 
